The investigation of global developmental delay in preschool children varies between centres and between paediatricians. 1 Following a literature search and review of the evidence base, guidelines were developed to assist in the assessment and management of such children presenting to secondary level services. Evidence supporting the use of genetic and biochemical investigations on a screening basis was found, but there was no evidence to support the use of metabolic investigations or neuroimaging in the absence of other positive findings on history or examination. Detailed history and examination are paramount in the assessment of children with global developmental delay. Investigations can be a useful adjunct in determining aetiology. Evidence based guidelines have been developed to assist doctors in the selection of appropriate investigations for this group of children. 
W
ithin the city of Glasgow there are four child development centres, providing secondary level community paediatric care to the population. A variation in practice existed between these centres regarding the use of laboratory investigations in preschool children presenting with global developmental delay. Global delay can be defined as significant delay in two or more developmental domains: gross and fine motor; speech and language; cognition; personal and social development; or activities of daily living. 2 '' Significant'' may be defined as performance 2 or more standard deviations below the mean on developmental screening or assessment tests. 3 The extent of delay can be classified as mild if functional age is ,33% below chronological age, moderate if functional age is 34-66% of chronological age, and severe if functional age is .66% below chronological age.
2 These definitions will be applied throughout this paper.
Children presenting to secondary level services merit investigation. It is important to assess and investigate all three groups (mild, moderate, and severe), as an aetiological diagnosis may be determined irrespective of the extent of developmental delay. 3 4 We wanted to standardise investigations by creating a set of evidence based guidelines.
How do you develop evidenced based guidelines when the evidence base is poor? This is the difficulty facing specialities where the subject does not lend itself well to multicentre, randomised controlled trials. Such a subject is neurodisability, with its myriad of presentations, aetiologies, and independent variables that cannot easily be corrected for. When developing these guidelines to be used locally for the investigation of global developmental delay in preschool children, we searched the evidence base, but ultimately arrived at a protocol based mostly on level IV evidence, i.e. consensus of expert opinion. However, we realised that using an entirely evidence based approach would not fulfil the aims of investigation, which are: to establish causation; to alter management; to predict prognosis or recurrence risks; and to influence prevention strategies. 5 While investigating children with global developmental delay, it is also vital not to miss conditions which may be exacerbating it, or those rare conditions which are treatable, and this is reflected in the final guidelines which are designed to be a useful working tool for paediatricians. It is hoped that the development of these guidelines on a national scale would present an opportunity to develop a multicentre audit that would contribute further to the evidence base.
A consensus guideline has been produced in North America, 6 but there are currently no published evidenced based UK guidelines. A comparison between the two papers is presented in the discussion. We are encouraged that our recommendations are broadly similar, indicating a degree of consensus of opinion at international level.
METHODS
A literature search was performed, using Medline, Embase, Cinahl, and PsycINFO. Keywords use in the search included global developmental delay, learning difficulties, mental retardation, guidelines, and investigation. A number of relevant papers were identified. These included retrospective and prospective studies and consensus recommendations, although the majority of papers were review articles or personal practice. Additional articles, for example case reports, were considered important if they contained recommendations relevant to this group of children. The evidence was graded using a standardised system (table 1) . 7 This evidence base was then used in the formulation of our guidelines, the grade of evidence determining the strength of each recommendation (table 2) . 7 The investigations considered in the literature fall into the categories of genetics, neuroimaging, electrophysiology, and biochemical including metabolic. The evidence pertaining to each category will be considered in turn.
Genetics
There is grade III/IV evidence to support the use of chromosome analysis in all cases where aetiology is not apparent after history and examination. 2-6 8-14 There was some consensus between papers (grade IV) that a DNA based test for the fragile X gene mutation should be routinely performed, 4 5 9 10 13 14 since this inherited cause of learning difficulties in boys and girls causes subtle dysmorphism and is difficult to diagnose clinically. Other papers (grade III/IV) suggested that this investigation should be ''strongly considered''. 2 6 8 11 In 1995, researchers from Montreal Children's Hospital performed a retrospective review of all children referred with global developmental delay over a 2.5 year period. 2 The laboratory test with the highest yield of abnormal results was chromosome analysis. A subsequent prospective study from the same group in 2000 found three cases with a chromosome abnormality in 32 tests performed when the clinician suspected a cytogenetic problem, and a similar abnormality rate (two cases in 38 tests) when the test was performed as a ''screen'', i.e. without prior clinical suspicion. 3 This group also created the guidelines alluded to previously. 6 N Recommendation: High yield, together with the associated implications, make the case for using cytogenetic analysis and the fragile X DNA test on a screening basis (strength of recommendation C/D).
Neuroimaging
A review paper of radiological findings in developmental delay (grade IV) found a wide variation in yield between studies, ranging from 9% to 80%. With newer techniques such as high resolution CT and MRI, positive findings were found in 30260% of patients with significant developmental delay. 15 This yield is significantly increased if neuroimaging studies are performed for a specific indication, for example abnormalities of head size, presence of seizures, or presence of abnormal findings on neurological examination, in addition to developmental delay. 3 15 The radiological findings in this group of children include cerebral injury, cerebral malformations, and cerebral dysgenesis. 15 The cerebral injury group includes periventricular leucomalacia, post-haemorrhagic changes, ventriculomegaly, enlarged extracerebral fluid spaces, and congenital infection (cerebral injury with or without intracranial calcification). There is some overlap between the cerebral malformation and cerebral dysgenesis categories. Overt malformations may be found, including holoprosencephaly, agenesis of the corpus callosum, septooptic dysplasia, migrational abnormalities, and abnormalities of white matter development. In addition, subtle markers of cerebral dysgenesis are increasingly found in this population with improved imaging techniques, for example wide or persistent cavum septum pellucidum, hypoplasia of the corpus callosum, and macro cisterna magna.
Should we image all children with global developmental delay, or only those with positive findings on history or examination? Many of the papers reviewed (grade III/IV) advocated the use of neuroimaging for all such children.
2-6 9 12 14 15 Others suggested that this should be considered when abnormal head size or neurology are present, or when unexpected changes occur in behaviour, occipitofrontal circumference, motor status, cognitive ability. or seizure frequency (grade IV). 8 10 11 N Recommendation: Neuroimaging should be considered as a second line investigation, when the features described above are found in addition to global developmental delay (strength of recommendation D).
Metabolic investigations
The available evidence does not support the use of metabolic investigations as a screening tool. There was consensus (grade III/IV evidence) that such tests should be selective and targeted.
2 3 4 5 6 8 9 10 11 14 16 Metabolic tests have the disadvantage of yielding a high frequency of non-specific, nondiagnostic abnormalities. There should, however, be a low threshold for performing these investigations if a metabolic disorder is suspected clinically.
N Recommendation: Metabolic tests should be considered as second line investigations (strength of recommendation C/D). History or examination findings that should prompt consideration of these tests will be outlined later in the paper.
Biochemical investigations
There are published case reports (grade IV evidence) of boys with Duchenne muscular dystrophy presenting with global developmental delay. 17 N Recommendation: Creatine kinase should be measured at an early stage to prevent late or missed diagnosis (strength of recommendation D).
There is grade III evidence to suggest that children with developmental problems may have significantly higher blood lead concentration than the general childhood population. 18 N Recommendation: Lead toxicity should be screened for routinely as this neurotoxin may further contribute to impairment, and is treatable (strength of recommendation C).
Biotinidase deficiency is treatable and may present as global delay with no other signs or symptoms. In many countries, this disorder is screened for routinely in the neonatal period, 19 and it is known that early diagnosis and treatment improves outcome (grade III evidence). 20 21 N Recommendation: Biotinidase should be measured early in the investigation pathway (strength of recommendation C). Calcium assay will assist in the diagnosis and management of conditions such as DiGeorge syndrome, Williams syndrome, and pseudohypoparathyroidism (grade IV evidence). 22 N Recommendation: Calcium should be measured routinely (strength of recommendation D).
We could not find evidence to support the use of thyroid function tests. This will be discussed in more detail later.
Neurophysiology
There is grade III/IV evidence that EEG is useful in the evaluation of developmental delay, particularly in association with seizures or significant language impairment. 
History
History should be comprehensive, and must include a detailed prenatal, perinatal, and postnatal history. The mother should be asked about drug ingestion during pregnancy and early threatened miscarriage. It is important to note that there must be clear evidence of neonatal encephalopathy and a significant motor disorder before problems are attributed to the perinatal period. 24 25 It should be ascertained whether the child has developmental delay or regression, and a detailed family history should be sought. Serial assessment is important as the phenotype may change with time. 8 If the diagnosis is not apparent after a full history and physical examination, first line laboratory investigations should be performed as outlined in fig 1. We have included thyroid function tests for two reasons, despite the lack of evidence. Firstly, hypothyroidism is an easily treatable disorder, with significant implications if the diagnosis is missed. Secondly, many chromosomal abnormalities are associated with an increased risk of hypothyroidism, for example trisomy 21, 45X, and 22q11 deletion. Urate is included as this is more stable than both ammonia and lactate, and is an easy way to diagnose purine disorders, which may present as isolated global delay. We also suggest testing for iron deficiency, as this can be associated with developmental delay and is easily measured and treated. 26 Second line investigations should be selective, and guided by history and examination findings.
Metabolic investigations should be undertaken when history and examination findings increase clinical suspicion; findings that merit investigation include family history, parental consanguinity, developmental regression, congenital ataxia or dysequilibrium, epilepsy, organomegaly, and coarse facial features. If a metabolic disorder is suspected clinically, blood should be taken for lactate, amino acids, ammonia, very long chain fatty acids, carnitine, homocysteine, and disialotransferrins. Urine should also be tested for organic acids, orotate, glycosaminoglycans, and oligosaccharides.
Neuroimaging is recommended if global delay is found in association with additional features as described earlier in this paper. MRI is the investigation of choice. CT is recommended for visualisation of bony structures or calcification.
EEG should be performed if there is a history of seizures or regression in speech. Twenty four hour EEG recording should be considered.
Referral to the genetics department is particularly useful for the evaluation of dysmorphic features and syndrome diagnosis: clinical clues are abnormal growth (including head size), associated sensory impairment (vision or hearing), unusual behaviour patterns (for example, hyperphagia or onychotillomania), or a family history of a particular condition. Video or photographic documentation is essential. At the genetic clinic, additional genetic investigations may be ordered. For example, chromosome telomere studies may exclude submicroscopic or cryptic chromosome imbalance involving the chromosome ends or telomeres. A telomere abnormality is present in 5% of patients with previously undiagnosed learning difficulties, and such tiny imbalances are not detected by a conventionally stained cytogenetic study. 27 The development of new technologies to diagnose hereditary causes of learning difficulties underlines the value of referral to the genetic clinic.
There are some differences between our guidelines and those published in North America. 6 The North American recommendations suggest that screening for lead toxicity should be targeted to those with risk factors for lead exposure, and that thyroid function tests should be performed only if there are systemic features which suggest thyroid dysfunction. We recommend that both these investigations are performed as first line screening tests, for the reasons outlined above. We also recommend routine measurement of creatine kinase and biotinidase, which are not mentioned in the North American guidelines. Both guidelines contain similar recommendations in relation to cytogenetic testing, fragile X analysis, metabolic screening, EEG, and neuroimaging.
CONCLUSION
Developmental delay is among the commonest problems encountered in community paediatric practice. It is important to investigate such children, primarily in an attempt to identify causation, but also to assist with management and to provide information about prognosis, recurrence risks, and future prevention strategies.
A comprehensive history is essential, as is careful physical examination. Laboratory investigations are not a substitute for history and examination in the evaluation of a child presenting with global developmental delay, but can be a useful adjunct in determining aetiology. Following an extensive review of the literature, evidence based guidelines have been created to assist in the selection of appropriate investigations for this group of children. The guidelines have been approved by all relevant hospital and laboratory departments. It is felt that these will improve service delivery and planning while maintaining fiscal restraint.
Global developmental delay is defined as significant delay in two or more developmental domains.
Investigation should be considered only after a thorough history and examination have been performed.
These guidelines are not intended for isolated speech and language or motor problems, or for children with autism. 
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